We describe a new relativistic electromagnetic computer simulation code, with one spatial dimension, which explicitly follows right-and left-going electromagnetic waves by integrating along the characteristics of ~axwell's equations. The code is suited to simulating laser-plasma interactions. As an examyle, we discuss simulations of the heating of plasma by two opposed lasers whose beat frequency drives a local plasma oscillation. Excellent .agreement is obtained with the analyti~ theory, in the linear-response regime.
TWO-WEEK LOAN COPY
This is a library Circulating Copy which may be borrowed for two weeks. In the present paper we discuss the general theory of the interaction, with specific attention to the regime of linear longitudinal response of the nonuniform plasma. This theory is then tested by the simulations, with excellent agreement obtained.
Particular interest attaches also to the regime of nonlinear 1 response; however, its analysis is still in progress, and will be reported in a later publication.
It should be kept in mind that the process studied here, involving three electron waves (two transverse and one longitudinal), with no ambient magnetic field 1 is illustrative of the mor.e general ' three-wave process, possibly involving ions, and in a magnetic field.
. .
Thus the principle of electron heating, by the damping of a resonant excitation_from the beat of two high-frequency waves, can be extended to the analogous heating of ions in a magnetically confined plasma.
II. THE CODE
There is a considerable literature concerning electromagnetic codes. Given the particle positions and velocities, from which we obtain the current · J , Eq. (2) The closed set of equations yields to standard space~time centering and leap-frog techniques ( From the wave equation for the total vector potential (of the two transverse waves), we obtain
where uy(x,t) = -eAY(x,tJ/mc is the transverse oscillation velocity.
. 
. + c.c. 
where 0 : WQ -Wl is the beat frequency, and K : kQ + kl is the local beat ·wavenumber, We can ignore the density perturbation at the sum frequencies (w 0 + w 1 , 2w 0 , and 2~), for the followi~ reason.
Since they represent high frequency, high phase velocity nonresonant perturbations, they can be only collisionally damped and are not normal modes. But if we consistently ignore collisional loss in high frequency perturbations the density perturbations at these sum frequencies simply 
where only slow temporal variations are kept in the nonlinear coupling where E is the electron dielectric function, evaluated at Q,K.
(If the space-time variation of (u 0 ,~) is not sufficiently slow,
we should instead use n + ia;at and K -·ia;ax as the arguments of Ej in that case, the present formulation is not the most expedient, .
-10-and a three-wave analysis is preferable.) When the response is non-
linear, certaJ.n of the nonlinear aspects may be incorporated by modifying the form of £, so that £ depends on ~ implicitly.
We now use (12) and (13) to express the right side of (11) as 21 21 12 -1
.
For a liniform medium, the nonlinear equations for lu 0 1 2 (x,t), lu 1 v {and thus of the temperature, the collision rate, and the damping mechanism), but also in that its dependence on the power parameter I 2 . ~lin and the scale length Ln is only through their product.
-lJThe relation (19) was tested by simulation for the case of equal input actions (p =-1) 1 corresponding roughly to maximum transfer for given total power input, The excellent agreement, in the linear regime, is shown in Fig. 5 .
To test the dependence on product only, three runs were made 1 varying each but holding the product fixed. The agreement is shown also in Fig, 5 .
The damping rate v in these simulations was due to Landau damping of the beat wave. It was chosen to be in the range 
IV. CONCLUSION
We have described a fully elec:tromagnetic, relativistic, finite-sized particle simulation code. The code is free from beamCerenkov numerical instability~ The region of parameter space over which two light waves can interact with the grid and a plasma drift to give numerical instability is limited to unphysically short wavelengths and large time-steps, We found relativity to be important when nonlinear eft"ects are included because individual particles can attain very large velocities. 01' course, for some astrophysical applications, relativity is essential. Finall~ the code was found to be econoFScal to use. _
We h~ve used the code to study beat heating of a plasma in the linear and nonlinear regime of the driven density disturbance.
Steady-state theory was found to be useful in understanding the_ ~ction transfer and plasma heating for small amplitude electron waves. There was good quantitative agreement between simulation and theory. ..
..---.... •• . 
r------------------LEGALNOTICE--------------------~

